In the present study, the speech-recognition performance of 50 subjects aged 63 to 83 years was measured for a wide range of materials (nonsense syllables, monosyllabic words, sentences) and listening conditions (presentation levels of 70 and 90 dB SPL, both in quiet and in a noise background Wechsler, 1981 Wechsler, , 1987 were obtained from all subjects. Principal component analyses were applied to each of the three sets of measures (speech-recognition, auditory, and cognitive) prior to examining associations among the sets using canonical analyses. Two principal components captured most of the systematic variation in performance sampled by the set of 20 speech-recognition measures. Hearing loss emerged as the single largest factor associated with individual differences in speech-recognition performance among the elderly, accounting for 70-75% of the total variance in speech-recognition performance, with the measures of auditory processing and cognitive function accounting for little or no additional variance.
It is generally acknowledged that there are large individual differences in speechrecognition ability among individuals over 60 years of age. Several recent studies have suggested that the primary factor underlying these differences has been individual variation in peripheral hearing loss. In two recent studies examining the speech-recognition performance of elderly persons in a wide range of listening conditions (Humes & Christopherson, 1991; Humes & Roberts, 1990) , for example, we have noted strong correlations (0.7 < r < 0.9) between speech recognition and the degree of high-frequency hearing loss. Closed-set identification of nonsense syllables (the CUNY Nonsense Syllable Test [NST] , Resnick, Dubno, Hoffnung, & Levitt, 1975 ) was used to measure speech recognition in these studies. Similar findings using the same nonsense-syllable identification task have been reported recently by Helfer and Wilber (1990) .
Performance on the CUNY NST, more than on the other clinical measures of speech recognition available, is likely to be heavily influenced by peripheral factors, such as sensorineural hearing loss, in that semantic and syntactic information makes no contribution to performance. It is quite possible that the strong correlations with hearing loss observed in the previous studies may be attributed, in part, to the use of these materials. Other investigators, however, have also observed strong associations between the degree of hearing loss and speech-recognition performance when the latter was assessed using open-set recognition of monosyllables (Jerger, Jerger, (Jerger et al., 1991; van Rooij & Plomp, 1990 , 1992 van Rooij, Plomp, & Orlebeke, 1989) . Many previous studies of individual differences in speechrecognition ability among the elderly have suffered from two primary shortcomings. First, speech-recognition ability has often been narrowly defined by sampling speech-recognition performance for only one or two types of speech materials and in a very restricted set of listening conditions. Second, the number of other abilities measured in the elderly subjects and correlated with speech recognition has often been restricted to their age and hearing loss. This study attempted to remedy both of these shortcomings.
In the present study, speech-recognition ability was broadly defined using a wide range of clinical speechrecognition tests ranging from closed-set identification of nonsense syllables (CUNY NST) to open-set recognition of monosyllabic words (CID W-22, Hirsh, Davis, Silverman, Reynolds, Eldert, & Benson, 1952) , to recognition of the final word in low-predictability (PL) and high-predictability (PH) sentences (Speech Perception in Noise [SPIN] test, Bilger, Nuetzel, Rabinowitz, & Rzeczkowski, 1984; Kalikow, Stevens, & Elliott, 1977) .
In addition to broadly defining speech-recognition performance across a range of materials and response tasks, we also assessed a wide range of listening conditions. All materials were presented at both moderate and high intensities and in both quiet and noise. Finally, the monosyllabic words were also presented following spectral shaping of the materials to mimic the shaping produced by a hearing aid. Spectrally shaped materials were used because when they were presented at high levels the contributions of audibility to speech-recognition performance would be reduced. This, in turn, could result in the emergence of factors other than audibility as contributors to individual differences in speech recognition.
The amount of spectral shaping was constant for all subjects and was determined by applying the revised NAL gain-prescription method (Byrne & Dillon, 1986) to the estimated average audiogram for the study participants (audiologic information was available for most of the subjects in this study prior to their participation). It is acknowledged that this approach to spectral shaping did not result in relative gain that closely matched the NAL prescription for all subjects, but only for those with audiograms near the group average. Nonetheless, the speech spectrum was more audible for all subjects for the spectrally shaped speech materials than for the unshaped materials.
In total, 20 measures of speech-recognition were obtained from each of the subjects in this study. These measures resulted from factorial combinations of five types of material (NST, SPIN-PL, SPIN-PH, W-22-unshaped, W-22-spectrally shaped) with two presentation levels (70 and 90 dB SPL) and two background conditions (quiet, noise).
Given the relatively wide range of ages (63-83 years) and of hearing loss among the elderly subjects in this study, it was anticipated that there would be sizeable individual differences in performance. The two basic questions addressed in this study relate to the anticipated variability in performance. First, how strong is the association among these 20 measures of speech recognition? Is the individual who performs the best or the worst in one condition and for one set of materials likely to be the best or worst performer for most or all of the speech-recognition measures? Secondly, what factors or characteristics of the subjects are associated with individual differences in speech-recognition performance? Are the best performers simply the youngest of the elderly subjects, the ones with the least amount of hearing loss, the ones with the best cognitive function, the subjects with the best suprathreshold auditory processing, or some combination of these factors?
The second fundamental question listed above was addressed in this study by obtaining measures of hearing loss, suprathreshold auditory processing, and cognitive function from all subjects. The measure of suprathreshold auditory processing used in this study was the Test of Basic Auditory Capabilities ([TBAC] , Watson, Johnson, Lehman, Kelly, & Jensen, 1982) . Performance on this battery of auditorydiscrimination tasks has been demonstrated to be reliable and minimally affected by hearing loss in elderly subjects . In addition, performance on the TBAC can account for some of the variability in nonsense-syllable recognition among the elderly beyond that explained by hearing loss (Humes & Christopherson, 1991) . Measures of cognitive function obtained from all subjects were the Wechsler Adult Intelligence Scale-Revised (WAIS-R, Wechsler, 1981) and the Wechsler Memory ScaleRevised (WMS-R, Wechsler, 1987) . Subtest and composite scores derived from both of these cognitive measures resulted in the generation of a total of 27 measures of cognitive function.
The basic strategy pursued in the present study was the following. The redundancy in each of the 3 large sets of variables (20 speech-recognition measures, 9 auditory measures [2 pure-tone averages and 7 auditory-discrimination measures from the TBAC], and 27 cognitive measures) was minimized by performing principal components analyses (Kim & Mueller, 1978a , 1978b on each set. This yielded uncorrelated principal components for each set that were likely to be fewer in number than the variables they represented, yet captured the systematic variance in performance. Next, the association between the set of speech-recognition principal components and the other two sets of principal components (auditory and cognitive) was evaluated. The statistical tool used in this study to examine the strength of association between the sets of variables was canonical analysis (Thompson, 1984) .
Methods

Subjects
A total of 50 subjects, ranging in age from 63 to 83 years (M = 72.3 years; SD = 5.1 years), participated in this study. All subjects had normal middle-ear function in the test ear as determined by tympanograms of normal shape, amplitude, and peak-pressure point and the presence of an acoustic reflex at 100 dB HL (ANSI, 1989) at 1000 Hz. The mean 
Materials/Apparatus
Three sets of commercially available speech materials were used in this study: (a) the CUNY NST (Resnick et al., 1975) ; (b) the CID W-22 word lists (Hirsh et al., 1952) ; and (c) the revised SPIN test (Bilger et al., 1984) . All materials, including the supplied calibration tone, were dubbed onto separate Digital Audio Tapes (DATs) for playback in this study. The 11 -subtest version of the CUNY NST, which consists of 102 items administered in a closed-set format, was used in this experiment. Different randomizations of the NST were used, one for each of the four listening conditions.
For the SPIN test, materials were generated such that each score was based on a total of 50 low-predictability (SPIN-PL) or 50 high-predictability (SPIN-PH) sentences. Four lists of 50 sentences were generated for each of these materials by arbitrarily pairing the eight sets of 25 equivalent PH and PL sentences established by Bilger et al. (1984) . In this way, none of the 200 PH or 200 PL sentences was repeated, and the reliability of individual scores was improved by doubling the number of sentences typically used to derive a score. Previous work has suggested that SPIN-PH and SPIN-PL scores derived from 25 sentences may not yield reliable results in elderly listeners with hearing loss .
Two versions of the CID W-22 materials were presented to all subjects in this project: (a) unshaped (W-22U); and (b) spectrally shaped (W-22S). The unshaped materials were standard recordings of the W-22s. The spectrally shaped materials were prepared specifically for this investigation. These materials were amplified (Crown, D-75) and passed through a 1/3-octave spectrum shaper (Industrial Research Products, TEQ DG-4023) prior to being recorded by the DAT. The frequency response of the spectrum shaper was adjusted to shape a white-noise input so that the gain provided would match that prescribed by the NAL-R prescriptive method (Byrne & Dillon, 1986 ) for a hearing loss corresponding to that of the average audiogram (Table 1 ). This was confirmed by measuring the output of the spectrum shaper with a spectrum analyzer (Spectral Dynamics, SD380) and comparing the output to an identical analysis of the input. Each W-22 score was again based on 50 items to improve the reliability of the measurements. Lists were not repeated across the four listening conditions.
The Test of Basic Auditory Capabilities (TBAC) has been described previously in considerable detail and recently in this journal by Humes and Christopherson (1991) and Christopherson and . Briefly, the TBAC measures frequency discrimination, intensity discrimination, and duration discrimination for a 1000-Hz pure tone, temporal-order discrimination for pure tones differing in frequency, and for sequences of consonant-vowel nonsense syllables, rhythm or jitter discrimination for a sequence of brief 1000-Hz tone pulses, and intensity discrimination for a pure-tone signal embedded in the middle of a sequence of 10 tones differing in frequency. All performance measurements are expressed as the percentage of correct responses obtained with a standard-two-alternative forced-choice (2AFC) paradigm. In this paradigm, three stimuli are presented on each trial: the standard stimulus followed by two alternatives. The subject must select the alternative that differs from the standard. The difficulty of the discrimination is changed from trial to trial and is designed to yield scores of 75-90% in young adults with normal hearing. This tape-recorded test was also dubbed to DAT for use in this study. The TBAC was presented at a level of 70 dB SPL as specified in an NBS-9A coupler using the supplied calibration signal.
Speech materials were presented at 70 and 90 dB SPL, as specified in an NBS-9A coupler using the appropriate calibration signal supplied with each speech material. The background noise was a speech-shaped noise generated by a Grason-Stadler 162 audiometer. Noise level was also specified in the NBS-9A coupler. For all conditions involving background noise, the signal-to-noise ratio was +7 dB, which approximates a typical signal-to-noise ratio across a wide range of everyday listening environments (Pearsons, Bennett, & Fidell, 1977) . All acoustic stimuli were presented to the subjects through TDH-39 headphones mounted in supra-aural cushions (MX-41/AR). Subjects were seated in a quiet test environment having ambient noise levels within 15 dB of those specified in ANSI (1987) for headphone measurement of hearing thresholds from 250-8000 Hz.
Procedures
All subjects had complete audiologic evaluations within 6 months of testing and received tympanometric screening prior to each test session. A total of four test sessions, each 90-150 minutes in length, were required for completion of all tasks in this study. Speech-recognition testing was divided across two such sessions with the W-22U, SPIN-PL and SPIN-PH materials presented in one session, and the CUNY NST and W-22S materials presented in the other. The TBAC was administered in a separate session, as were both of the cognitive measures (WAIS-R and WMS-R). The latter tests were administered by or under the supervision of a licensed clinical psychologist who had been instructed in the use of a hard-wired assistive listening device (ALD). The ALD was available for use with any subjects expressing difficulty in performing any of the cognitive tasks due to difficulty hearing the stimuli or instructions.
Written responses were used for the TBAC and all speechrecognition measures. All subjects were paid for their participation. Table 2 shows the means and standard deviations for the 50 subjects on each of the 20 measures of speech recognition. Of primary interest for the present study was the correlation among these various measures. For all correlations reported in this paper, the associated scattergrams were visually inspected to ensure that the correlations were not due to outliers or clusters of extreme values. A histogram of the distribution of the 190 correlation coefficients representing all unique pairwise combinations of the 20 scores is shown in Figure 1 . Note that all correlations are positive in direction and of moderate strength with a modal value of 0.775. Moreover, approximately two thirds of the correlations (63%) are greater than 0.7 in magnitude and 99% are statistically significant at the .001 level of significance; all are significant at the .01 level of significance. The direction and strength of association between pairs of speech-recognition scores from these listeners indicate a considerable degree of redundancy among the 20 measures. That is, there is a strong indication in these data that a subject who obtained a high score on one of the 20 measurement conditions was likely to do so on most of the other conditions.
Results and Discussion
Descriptive Statistics and Correlations
Principal Components Analyses
All the percent-correct scores were arcsine-transformed to stabilize the error variance and then subjected to a principal components analysis (PCA) using the Statistical Package for the Social Sciences (SPSS/PC+). Two principal components were extracted with the PCA. (Unless noted otherwise, the criterion for component extraction for all PCAs was an eigenvalue > 1.0.) These two principal components accounted for a total of 81.4% of the variance, with 74.1% of the total variance accounted for by the first component alone. The weightings of each variable on the two principal components after component rotation (varimax criterion) are shown in Figure 2 . Each of the 20 speech-recognition measures is ordered along the x-axis according to their weight on the first component. Most of the speech-recognition measures are weighted heavily (> 0.6) on principal component No. 1 and less so on principal component No. 2 (< 0.6), the primary exceptions being the conditions involving the 90-dB presentation level in noise (those labeled "N90" along the x-axis).
Based on examination of the correlations of the 20 speechrecognition measures with hearing loss (pure-tone averages at 500, 1000, 2000 Hz, and at 1000, 2000, 4000 Hz), we interpret the first principal component to represent, or be strongly associated with, the audibility of the speech signal. The greater the hearing loss, the lower the speech-recognition score and the higher the weighting on principal component No. 1. This same examination of correlations of speechrecognition measures with hearing loss revealed that the measures obtained at high presentation levels in noise (those labeled "N90" along x-axis) were generally less strongly correlated with pure-tone average (0.41 < r < 0.69) than the other 15 measures obtained at the lower presentation level and/or in quiet (0.59 < r < 0.87).
The second principal component, therefore, appears to be associated with performance at high levels in noise with the scores from these five conditions being among the seven most heavily weighted on component No. 2. The second principal component appears to represent a factor less strongly associated with audibility that is especially important to the recognition of speech in noise at high intensities. Hereafter, the principal components No. 1 and No. 2 will be referred to as SPCH1 and SPCH2, respectively. Next, the nine auditory measures (seven auditory-discrimination measures from the TBAC and two pure-tone averages) were subjected to the same type of principal components analysis. The component structure that emerged is shown in Figure 3 . A total of four principal components were extracted and accounted for 78.3% of the variance in the data. These components will be referred to here as AUD1, AUD2, AUD3 and AUD4. These components separately accounted for 34.2, 20.9, 13.6, and 9.7% of the total variance, respectively. (The minimum eigenvalue criterion of 1.0 used in the other PCAs was relaxed to 0.85 for this analysis, which resulted in a component structure closer to those previously reported for the TBAC.)
If one assumes that frequency discrimination of a midfrequency pure tone is mediated by temporal or periodicity information, rather than place information (Moore, 1989) , then AUD1 can be interpreted as representing a temporalprocessing dimension or factor. AUD2, on the other hand, is clearly an audibility factor, with the two pure-tone averages being the only two variables weighted heavily on this component. AUD3 is interpreted as an energy-discrimination factor with duration discrimination and intensity discrimination representing two ways in which subjects can make use of energy differences between two stimuli. Finally, AUD4 is a unique component associated with the lone speech-based measure of auditory discrimination, the syllable-sequence task.
The results of this principal components analysis are in general agreement with previous factor analyses of the TBAC, which have identified three factors comparable to AUD1, AUD3 and AUD4 in Figure 3 (Espinoza-Varas & Watson, 1986; Watson, 1987) . In some of these prior PCAs and factor analyses, however, performance in the 10-tone pattern discrimination task associated with AUD1 in this study has been associated with the measures grouped with AUD3. (Measures of hearing loss [AUD2] were not included in these previous analyses.) Reliability coefficients of 0.8 to 0.9 reported for the TBAC when administered to elderly hearing-impaired subjects suggest that the systematic variance in the data (the squared reliability coefficient) amounts to 64-81% of the total variance, with the rest attributed to random error variance. Given that the four principal components in Figure 3 can account for 78.3% of the total variance, this amounts to accounting for almost all of the systematic variance in these data.
The 27 measures of cognitive performance derived from performance on the WAIS-R and the WMS-R were also subjected to a principal components analysis. This analysis resulted in the extraction of seven cognitive components accounting for 79.8% of the total variance, as shown in Figure 4 . All 27 cognitive measures are shown along the 3 X-axis in this figure with the prefix "M" (for Memory) identifying those measures derived from the WMS and the prefix "I" (for intelligence ) identifying those from the WAIS-R. Component weights are plotted in this figure with numbers from one to seven, each number representing a unique principal component that was extracted from the analysis. These cognitive principal components will be referred to hereafter as COG1 through COG7. The percentages of variance accounted for by COG1 through COG7 were 37.1, 13.1, 9.4, 6.8, 5.3, 4.2, and 4.0%, respectively. It is interesting to note that there is very little overlap of the measures from the WMS-R and WAIS-R for a given principal component. That is, all but two of the 15 cognitive measures that were weighted very heavily on COG1, COG3 or COG4 are subtest scores or derived scores from the WMS-R. On the other hand, four principal components are predominantly or exclusively associated with measures from the WAIS-R (COG2, COG5, COG6, COG7).
We know of no previous studies in the cognitive literature that have performed a factor analysis or principal components analysis on a combined set of WAIS-R and WMS-R measures. There have been several such analyses, however, on the WAIS-R itself, with many of these having been reviewed by Leckliter, Matarazzo and Silverstein (1986) .
When we performed a separate principal components analysis on just the 11 subtest scores of the WAIS-R, three components emerged that were nearly identical to most previous such analyses, with the two primary factors interpreted as Comprehension and Perceptual Organization. The third factor has emerged inconsistently and varied in interpretation across several studies (Leckliter et al., 1986) , with "freedom from distractability" being the most common interpretation attached to the third component when it was extracted from the analyses. In this study, however, the third component was extracted from performance on the Comprehension and Picture Completion subtests of the WAIS-R.
The preceding principal components analyses on the measures of speech-recognition, auditory performance, and cognitive function greatly reduced the redundancy in each of these sets of variables while still providing an accurate description of performance as revealed by the percentage of total variance accounted for by each group of principal components. The 20 measures of speech recognition were reduced to two principal components (SPCH1, SPCH2), the nine auditory measures were reduced to four components (AUD1 through AUD4), and performance on 27 measures of cognitive function was captured by seven factors (COG1 through COG7). 
Canonical Analyses
Ultimately, we wished to examine the relation among these sets of principal components. In particular, the primary question was how individual differences in speech-recognition abilities were associated with individual differences in auditory performance, cognitive function, and age. Canonical analyses represent a common tool used in examining the strength of association between two sets of variables and determining the measures in each set that are primarily responsible for this association (Thompson, 1984) . Usually the two sets of variables are referred to as the predictor set and the criterial set (the latter is the set to be predicted). A potentially confounding factor in canonical analyses is collinearity, which is the existence of a strong association among the variables within the predictor set of variables. Recall that the preceding factor analyses made use of principal components analysis. The objective of this type of factor analysis is to extract orthogonal or uncorrelated factors from the set of measures. That is, the correlation among the components in a given PCA is 0.
Although collinearity has been eliminated for each of the principal components in the predictor set within their respective subset of measures (i.e., correlation matrix for the four AUD components is 0 and for the seven COG components is 0), it is not necessarily true for the entire predictor set resulting from the combination of these two subsets. The top portion of Figure 5 , however, depicts the multiple r-squared values obtained for the entire set of predictor variables (COG1-COG7, AUD1-AUD4, and age). Each vertical bar in the top portion of this figure represents the correlation of each variable in the predictor set with all other variables in that same set. In general, all the squared multiple correlations are less than 0.4 and indicate that collinearity among the set of predictor variables has been minimized. Examination of the matrix of 56 correlation coefficients for the 12 predictor variables revealed only one correlation that was statistically significant (p < .01). AUD4 was found to be positively correlated with COG6 (r = 0.39). In summary, collinearity within the set of predictor variables was not a confounding factor in these analyses.
The lower portion of Figure 5 depicts the squared multiple correlations for each variable in the predictor set with each variable in the criterial set (SPCH1 and SPCH2). Note that the squared multiple correlation of AUD2 with the criterial set is much greater than any of the others in the set of predictor variables. In fact, this was the only statistically significant multiple correlation in the predictor set [F (2, 47) = 63.04, p < .001], although the multiple correlations for COG4 and COG5 approached statistical significance (p = 0.06 and 0.03, respectively). (Given the large number of multiple comparisons in these analyses, an alpha level of .01 had been adopted for determination of significant effects.)
The results of the canonical analyses are summarized in Figure 6 . Only the first canonical function between the criterial and predictor variable sets was significant (p < .01) and the corresponding canonical correlation was 0.89. This correlation indicates that there is a strong association between the set of predictor variables (AUD1-AUD4, COG1-COG7, and age) and the set of criterial variables (SPCH1, SPCH2). The structure coefficients plotted in Figure 6 graphically depict the factors in each set that underlie this strong association. The higher the structure coefficient, the greater the contribution of that variable to the overall association between the two sets of variables. It is clear from this figure that AUD2, or hearing loss, is the major component among the set of predictor variables responsible for the strong association with speech-recognition performance. In addition, of the two variables in the criterial set, SPCH1 is primarily responsible for the strong between-set association.
Recall that SPCH2 was a component associated with the recognition of speech in high levels of background noise and, as such, may not be expected to be too strongly associated with hearing loss (AUD2). 
Relation to Previous Studies
Our measures of auditory function did not include measures of auditory temporal or spectral resolution, such as gap detection or auditory-filter shape. It is quite possible that individual differences in either or both of these auditory capabilities could underlie the observed systematic individual differences in speech recognition in noise at high intensities (SPCH2). The recent work of Klein, Mills, and Adkins (1990) offers some support for the potentially significant role of individual differences in spectral resolution on speech recognition by elderly persons with hearing impairment, at least for high levels of low-frequency noise. SPCH1, however, was the predominant principal component that emerged from the 20 measures of speech recognition, accounting for 74% of the total variance in speechrecognition performance. This factor, in turn, was strongly associated with hearing loss (AUD2) in the canonical analyses. Thus, among this group of 50 elderly listeners, individual differences in hearing loss were the primary determinants of individual differences in speech-recognition ability across a wide range of materials and conditions. This general finding is consistent with several recent studies conducted with similar subject samples. In a series of studies by van Rooij and colleagues, for example, hearing loss has emerged consistently as the primary factor associated with individual differences in speech recognition and has accounted for 67-95% of the systematic variance in speechrecognition performance (van Rooij & Plomp, 1990 , 1992 ; van Rooij et al., 1989) . In a recent study involving five measures of speech recognition in 200 subjects between the ages of 50 and 91 years, Jerger et al. (1991) also found that hearing loss alone accounted for approximately 60% of the total variance in performance on three of the five speechrecognition measures that made use of monosyllabic words (PAL PB words, SPIN-PL, SPIN-PH). For these three measures, all other predictor variables employed, including age and a variety of cognitive measures, only accounted for an additional 3-6% of the total variance in speech-recognition performance.
Hearing loss was also the most important predictor of performance on the two other measures of speech recognition included in the study by Jerger et al. (1991) , the Synthetic Sentence Identification (SSI) task (Speaks & Jerger, 1965) , and the Dichotic Sentence Identification (DSI) task (Fifer, Jerger, Berlin, Tobey, & Campbell, 1983) . For each of these measures, however, additional variables accounted for significant portions of the total variance in performance. For the SSI, age accounted for an additional 12% of the variance in performance (vs. 42% for hearing loss), whereas performance on the digit-symbol subtest of the WAIS-R accounted for an additional 13% of the variance in DSI scores (vs. 30% accounted for by hearing loss).
The significant contributions of factors other than hearing loss to the performance of subjects on the SSI and DSI and not on other measures of speech recognition may be due to the unique aspects of the SSI and DSI. Both the DSI and the SSI, for example, use closed-set identification of synthetic third-order approximations to real sentences administered with competing speech. In the case of the SSI, the competing speech is continuous discourse presented in the same ear as the target sentences, while similar synthetic sentences presented simultaneously to the opposite ear represent the competition for the DSI. Unfortunately, neither the DSI nor the SSI appear to have adequate reliability for use with elderly persons having hearing impairment Humes, Christopherson & Cokely, 1992) , which makes interpretation of the findings of Jerger et al. (1991) for these materials more difficult.
This study has confirmed the previous findings from this laboratory that have emphasized the primary importance of audibility to the understanding of speech in the elderly (Humes & Christopherson, 1991; Humes & Roberts, 1990 ), but for a much wider range of speech materials and listening conditions. As noted previously, several recent studies with the elderly have reached similar conclusions (Heifer, 1992; Heifer & Wilber, 1990; Jerger et al., 1991; van Rooij & Plomp, 1990 , 1992 van Rooij et al., 1989) . This finding is encouraging regarding the prospects for rehabilitation of elderly persons with hearing impairment via use of amplification. The major importance of hearing loss as a factor underlying individual differences in speech-recognition performance among the elderly implies that efforts to improve the audibility of speech through amplification should be largely successful.
Interestingly, the results of this study also suggest that limitations to the successful use of amplification may exist for listening conditions involving a background of noise. Recall that SPCH2 represented a unique aspect of speech-recognition ability that was related to performance in noise at high intensities and that this speech-recognition factor was not related to audibility (or any other factor measured in this study). Thus, compensating for the loss of audibility through well-fit amplification may not improve the speech-recognition of elderly listeners in noise. However, the findings of this study also indicate that hearing loss, which can be treated or compensated for with well-fit amplification, is the major determinant of speech recognition in quiet, whereas cognitive and suprathreshold auditory-discrimination abilities, which are largely untreatable, make minimal contributions to speech recognition.
Finally, it is important to note that this study was not a study of the general effects of aging on speech recognition. Subjects were not selected to span the entire age range of adulthood. Rather, the focus in this study was placed on the identification of those factors, including age, hearing loss, cognitive function and auditory-processing ability, that were related to individual differences in speech-recognition performance among the elderly.
